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Introduction
Obesity is associated with elevated serum concentration of high sensitivity C-reactive protein (hsCRP), a marker of inflammation and predictor of cardiovascular risk [1] . The possible molecular mechanism linking obesity to elevated serum hsCRP concentration involves the release of several compounds by enlarged adipocytes and/or infiltrating macrophages. The list of these compounds includes many adipocytokines, among them interleukin-6 (IL-6), a key pro-inflammatory cytokine that contributes to the increase in serum hsCRP [2] , and saturated fatty acids (SFA) which stimulate adipose tissue inflammation [3] . The pro-inflammatory effect of SFA is partly associated with their conversion to ceramides, which in turn activate protein kinase C zeta (PKC-ζ) and mitogenactivated protein kinases (MAPK) in monocytes/macrophages [3] . The activation of these cascades stimulates the secretion of IL-6, which in turn induces synthesis of hsCRP in the liver. SFA can also stimulate the inflammatory signaling pathways via toll-like receptors and NF-κB, leading to enhanced transcription of inflammatory genes [4] [5] [6] . These results suggest that an excess of SFA may amplify inflammatory response of the monocytes/macrophages accumulated in the adipose tissue of an obese subject. In contrast, monounsaturated fatty acids (MUFA) [7, 8] and n-3 polyunsaturated fatty acids (PUFA), especially eicosapentaenoic acid (20:5 n-3) and docosahexaenoic acid (22:6 n-3) inhibit the expression of genes encoding inflammatory proteins [6, 9] . However, the results regarding MUFA are conflicting [10] . Similarly, contradictory data suggesting either stimulatory or inhibitory effects of n-6 PUFA enriched diet on inflammation were published (see reviews [9, 11] ). According to very recently published data, specific fatty acids (FA) of various classes (i.e. SFA, MUFA or PUFA) may show distinct association with inflammatory markers [12, 13] .
The aim of this study was to evaluate the possible associations: a) between total SFA, MUFA and PUFA contents of blood lipids and the concentrations of hsCRP, IL-6 and other inflammatory markers (including white blood cells and neutrophils counts), as well as leptin and adiponectin (considered pro-and anti-inflammatory adipokine respectively [14] ), and b) between specific FA within main classes (i.e. SFA, MUFA and PUFA) and the levels of inflammatory markers (listed above) in morbidly obese subjects.
Materials and Methods

Patients
The study included 16 morbidly obese non-diabetic woman (mean age: 43±2.8 years, mean body mass index -BMI = 43 ± 2.2 kg/m 2 ) awaiting bariatric surgery at the Department of General, Endocrine and Transplant Surgery (Medical University of Gdansk, Poland). All the patients were on low calorie diet (800-1000 kcal/day, with high proteins and low fat and carbohydrates) for 3 months prior to the surgery. Dishes including lean meat, eggs, fish, cottage cheese, yoghurt, vegetables, grains, corn cereals, sponge cake, and biscuits were recommended to the patients. Blood samples for the determination of inflammatory adipocytokine levels and FA composition of serum lipids were obtained on the day of surgery, after an overnight fast. Standard laboratory parameters including hsCRP, white blood cells (WBC) and neutrophils counts were determined at the Central Clinical Laboratory of the Medical University of Gdansk. The patients' fat mass was measured with the Tanita SC 330S Body composition Analyzer. The protocol of the study conformed to the Declaration of Helsinki of the World Medical Association and was approved by the Medical University of Gdansk Ethics Committee. All the patients gave their written informed consent for participation in the study.
Kaska et al.: Relationship between Serum Fatty Acids and hsCRP
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
Adiponectin E09 (Mediagnost, Germany). The assays were performed according to the manufacturer's instructions.
Gas chromatography-mass spectrometry (GC-MS) analysis of fatty acids
The total lipids were extracted according to Folch et al. [15] . 19-methyl-eicosanoate was used as the internal standard. The lipid samples were hydrolyzed and FA methyl esters (FAMEs) were prepared using 10% Boron Trifluoride reagent (BF 3 / methanol) as we described recently [16] . After the evaporation of n-hexane, FAMEs were analyzed on a GC-MS QP-2010 SE (SHIMADZU). Compounds were separated on a 30 m x 0.25 mm i.d., HP-5 capillary column (film thickness 0.25 µm). The temperature Table 1 . Selected parameters of morbidly obese patients included in the study of the column was programmed from 60°C to 300°C at a rate of 4°C min -1 with helium as carrier gas at a column head pressure of 60 kPa. All the chemicals and reagents were obtained from Sigma-Aldrich.
Statistical analysis
Statistical analysis were performed with SigmaStat software. The correlations between serum FA content and selected parameters of obese patients were tested with Pearson's correlation coefficient.
Results
The characteristics of body weight, adipose tissue mass and BMI determined in morbidly obese women are presented in Table 1 . As expected, serum hsCRP was positively correlated with BMI of obese patients (r = 0.56; p < 0.01). Moreover a positive correlation between serum IL-6 and hsCRP was found (r = 0.52; p < 0.05). Also a weak positive correlation between WBC (or neutrophils) count and serum CRP was observed (r = 0.3). Blood glucose, cholesterol and triacylglycerol concentrations in obese patients are presented in Table 1 .
The serum levels of pro-inflammatory adipokines correlated positively with BMI of morbidly obese patients ( IL-6: r = 0.49, p < 0.05; leptin: r = 0.52, p < 0.05). In contrast, an inverse correlation was documented between BMI and the serum concentration of adiponectin, an anti-inflammatory adipokine [14] ( r = -0.64, p < 0.01). Essentially, also both fat mass and body weight correlated positively with serum IL-6 and leptin and showed negative correlations with adiponectin level.
The percentages of total saturated (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids in serum lipids of morbidly obese patients were roughly similar (Fig. 1) . Oleic (18:1), palmitic (16:0) and linoleic (18:2 n-6) acids were present in greatest amounts, whereas stearic (18:0), palmitoleic (16:1) and arachidonic (20:4 n-6) acids were among the less abundant (Fig. 1) .
Serum concentrations of hsCRP in morbidly obese patients were inversely correlated with total PUFA, total n-3 PUFA and total n-6 PUFA contents (Table 2 ). In contrast, serum hsCRP correlated positively with total MUFA and total SFA (Table 2) . Since the detrimental role of high total SFA to total PUFA ratio was postulated in men [17] , we also analyzed the relationship between this ratio and hsCRP in the serum of morbidly obese patients. Mean SFA/PUFA ratio in our patients was 1.32 ± 0.12. The SFA/PUFA ratio showed strong positive correlation with hsCRP (r = 0.76; p < 0.01). Furthermore, we found strong positive correlations between hsCRP and SFA/n-3 PUFA (r = 0.73, p < 0.01) or SFA/n-6 PUFA ratios (r = 0.75, p < 0.01).
Since the increase in the n-6 to n-3 PUFA ratio may potentiate inflammatory processes [18] , we analyzed the relationship between this parameter and hsCRP in serum of morbidly obese patients. The n-6 to n-3 PUFA ratio turned out to correlate positively with hsCRP (r = 0.77, p < 0.01).
Detailed analysis of associations between the levels of selected FA and serum hsCRP and IL-6 are presented in Table 2 . Among SFA, lauric (12:0) and myristic (14:0) acids showed strong positive correlation with hsCRP, whereas a week positive correlation with this parameter was documented for palmitic acid (16:0). No significant correlations was found between stearic acid (18:0) and serum hsCRP ( Table  2 ). The level of lauric acid (12:0) correlated positively with serum concentrations of IL-6 ( Table 2 ). Similar to lauric acid (12:0), also the level of myristic acid (14:0) correlated positively with serum concentrations of IL-6 ( Table 2 ). The levels of palmitoleic (16:1) and oleic (18:1) acid correlated positively with hsCRP concentration (Table 2) . Also a week positive correlation between gadoleic acid (20:1) and hsCRP was found, but turned out to be insignificant on statistical analysis ( Table 2 ). The content of palmitoleic acid (16:1) correlated positively with IL-6 ( Table 2 ). In turn, gadoleic acid (20:1) showed positive correlation solely with IL-6 level ( Table 2 ). Contrary to individual SFA and MUFA, both n-6 PUFA, including linoleic acid (18:2), and n-3 PUFA, including eicosapentaenoic acid (20:5 n-3) and docosahexaenoic acid (22:6 n-3), showed significant inverse correlations with serum hsCRP levels ( Table 2) . Moreover, arachidonic acid (20:4 n-6) and docosahexaenoic acid (22:6 n-3) turned out to be inversely correlated with serum IL-6. The negative correlations between IL-6 and other n-3 and n-6 PUFA did not prove significant on statistical analysis.
The level of lauric acid (12:0) correlated positively with WBC (r = 0.62, p < 0.01) and neutrophil (r = 0.49, p < 0.05) counts. The level of myristic acid (14:0) also correlated positively with WBC (r = 0.49, p< 0.05) and neutrophil (r = 0.49, p < 0.05) counts. The content of palmitoleic acid (16:1) correlated positively serum leptin levels (r = 0.56, p < 0.05), as well as with WBC and neuthrophil counts (r = 0.55, p < 0.05 and r = 0.48, p < 0.05 respectively).
The relationship between SFA chain length and the power of correlation between individual SFA and hsCRP is presented in Figure 2 . Based on this data, the association between individual SFA and hsCRP seems to be determined by FA chain length. Moreover, the results presented in Figure 2 suggest that the potential pro-inflammatory effect of MUFA and the anti-inflammatory effect of both n-3 and n-6 PUFA depend on the chain length, number and localization of double bonds.
Discussion
Our results indicate that both total SFA and MUFA are positively correlated with serum hsCRP, whereas both total n-6 and n-3 PUFA show inverse correlation with this parameter in morbidly obese women. Moreover, our findings suggest that pro-inflammatory effect of SFA depends on their chain length. While shorter SFA lauric acid (12:0) and myristic acid (14:0) displayed strong positive correlation with serum hsCRP, a weak positive correlation was observed with palmitate (16:0) and no significant associations were documented for SFA with longer chains: stearic (18:0), arachidic (20:0), behenic (22:0), and lignoceric (24:0) 
